After calcination, mixtures were suBjected to coarse crushing in a mechanically operated mortar and pestle, and wet (isopropyl alcohol) vibratory milling (grinding condition "P") for 5 hours. After stir-drying 
1) Effect of Composition on Densification
In order to get a basic understanding of the system, a broad composition range, 60 to 90 wt% Al 2 o 3 , was used in the initial experiments.(?)
The green density and "average" particle size were held approximately constant over the composition range (57 ± 1 %pth and 2.1 ± 0.2 ~m, respectively). sinter at a slower rate but achieve a high density (12 hr fire).
3)
Compositions with 75 wt% Al 2 o 3 and above sinter even more slowly.
A sharp decrease in densification rate is observed between 74IP
and 75IP. The boundary between the mullite solid solution and the mullite and alumina phase regions (M-MA phase boundary) is at ~74 wt%
2) Densification Kinetics
More detailed densification kinetics were studied on the compositions listed in Table 1~7 ) The surface area and "average" particle size of the powder, and green density were kept approximately constant. The 60IP composition showed only mullite in the x-ray diffraction pattern since the aluminum silicate glass phase is not detected. 73PP was subjected to the largest composition shift during processing (due to samples ( Fig. 9) are the rectangular -shaped grains, forming unusual dihedral angles, which suggest the presence of a liquid "film" along some grain boundaries at the sintering temperature. Further evidence of glass "films" is shown in the TEM micrograph of a 73IP sample in Fig. 10 (bottom). Small, angular second phase "pockets" are also observed in Fig. 10 (top) . Noncrystallinity of these areas was indicated by the observation of diffuse rings in the electron diffraction patterns of these areas.
Further evidence that these second phase areas are amorphous is given by the stress-strain behavior in compression loading at 1200°C (Table 2) . Despite the relatively large size of the alumina particles (~3 ~m), the glass phase appears to be effectively eliminated during firing. This assumption is supported by the curvature of the grain boundaries and the nature of the dihedral angles (Fig. 12B) . Furthermore, on sintering the 71.8 IP sample for 100 hrs at 1700°C, the glass phase coalesced into large (up to ~10 ~m in a linear dimension) "pockets" (Fig. 13 ) instead of being absorbed by the mullite grains ( Fig. 1) . Therefore, it does not appear that the presence of liquid phase is due to straightforward incomplete reaction. Also, the absence of liquid phase at 75 wt% indicates that its appearance in lower alumina-content specimens (71.8, 73 and 74) is not due to impurities in the raw materials. • u 1s ocumen a 1on app 1es to crystals that have precipitated from aluminum silicate melts on cooling.
2) Significance of the %pth -~n Time Proportionality
The observation of a proportionality·between %pth and ~n time for The semi-logarithmic relationship between %pth and time is not observed when a significant amount of liquid phase is present, such as in 60IP. ( 6 ) Extremely rapid densification is observed( 6 ) which can be attributed to solid particles sliding over one another and to the collapse of particle bridges under the action of capillary pressure (i.e. the particle rearrangement stage).
The evidence for a grain boundary transport mechanism, in conjunction with the observed proportionality between %pth and £n time with different slopes for different temperatures, suggests that the proposed intermediate stage sintering models are inadequate. In addition, extensive microstructural studies(zg) contradict various assumptions of the models( 23 -26 ) which lead to the derivation of a semi-logarithmic relationship between %pth and time. These include a failure to observe (1) cubic grain growth kinetics and (2) pore coalescence. These factors will be covered in a later part of this series.
V. Summary and Conclusions
The densification behavior of mullite -containing powders was studied 
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